Pleuropulmonary infections are not uncommon in tropical and subtropical countries. Its distribution and prevalence in developed nations has been curtailed by various successfully implemented preventive health measures and geographic conditions. In few low and middle income nations, pulmonary parasitic infections still remain a problem, although not rampant. With increase in immunocompromised patients in these regions, there has been an upsurge in parasites isolated and reported in the recent past. J Microbiol Infect Dis 2018; 8(4):165-180 
INTRODUCTION
Pulmonary infections are caused by bacteria, viruses, fungi and parasites [1] . Among these agents, parasites produce distinct lesions in the lungs due to their peculiar life cycles and pathogenicity in humans. The spectrum of parasites causing pleuropulmonary infections are divided into Protozoans and Helminths (Cestodes, Trematodes, Nematodes) [2] . Clinical diagnosis of these agents remains tricky as parasites often masquerade various other clinical conditions in their presentation. The commonest mimics of parasitic infections are tuberculosis and lung carcinoma [3, 4] .
To help clinicians and students understand the spectrum of all these parasitic lung infections, we discuss their epidemiology, clinical presentation, laboratory diagnosis, radiological diagnosis and management. This review intends to provide comprehensive knowledge about all parasites associated with pleuropulmonary infections, the early detection of which results in successful clinical outcomes.
I. Epidemiology of pleuropulmonary parasitic infections
Since parasites have a diverse mode of transmission, life cycle, host-parasite relationship, the distribution is varied. The epidemiological triad of agent, host, and environment for each parasite associated with lung infections are detailed hereunder.
Most of these parasites are prevalent in tropical and subtropical countries which corresponds to the distribution of vectors which help in completion of the parasite`s life cycle [6] .
There has been a decline in parasitic infections due to health programs, improved socioeconomic conditions. However, the latter part of the last century has seen resurgence in parasitic infections due to HIV, organ transplantations and increase in use of immunosuppressive agents [6] . Due to this reason, pulmonary physicians have developed a renewed interest in recent times in understanding pulmonary parasitic infections. This has also intrigued an interest among research fanatics to invent newer diagnostic tools in diagnosing these agents.
Definitions [7]:
Definitive host: Definitive hosts are the ones in which the parasite matures or passes its sexual stage. They are otherwise termed as primary hosts.
Intermediate host: Intermediate or secondary hosts are those in which the parasite passes its asexual state or is in a larval form. 
II. Emergence and resurgence of pulmonary parasitic infections -current concepts
In spite of stringent policies to contain parasitic infections being rolled out by the World Health Organization, various factors which contribute to the emergence of parasitic infections have been described [47] . Two terms coined to elaborate the parasitic disease ecology are "spill-over" and "spill-back". Spill over infection is one where the infection present in wild animal hosts gets transmitted to human beings and domestic animals. The reason behind a spill over is due to their intrusion into wild habitats [48] . Spill-back infections are those where wild animals (amplifiers) contract the parasitic infections from humans and domestic animals. These infections are further transmitted after amplification back to domestic animals and human beings residing at their periphery [47] .
Among parasites causing pleuropulmonary infections, the following are examples where spill-over/spill-back has occurred: Leishmania, Trypanosoma cruzi, Toxoplasma, Sarcocystis, Plasmodium knowlesi, Echinococcus, Trichinella etc. [47] . So, one has to keep in mind these agents while making a differential diagnosis especially in geographic areas where a possible spill-over/spill-back may be anticipated.
III. Pathogenesis and immune response in pleuropulmonary parasitic infections [49].
The three key features of immune response against parasitic infections are: i) Nitric oxide mediated killing of eosinophils, ii) IgE antibodies against parasites, iii) Antibody dependent cellmediated cytotoxicity (ADCC).
Nitric oxide and its derivatives within macrophages have much antimicrobial activity of against bacteria, fungi, protozoa and parasitic worms. Eosinophils are motile phagocytic cells that can migrate from the blood into the tissue spaces. Eosinophils are thought to play a role in the defense against parasitic organisms. The contents secreted by eosinophilic granules may damage the parasite membrane. Majority of humans mount significant IgE responses while encountering parasitic infections. After exposure to a parasite, serum IgE levels increase and sustained levels are observed until the parasite is successfully cleared from the body. [50] .
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Dirofilaria immitis
Protozoans being unicellular parasites often grow within human cells; on the other hand, helminths are large multicellular organisms that reside/infest humans. They do not ordinarily multiply within humans and are not intracellular in nature. Although helminths are larger in size and are more accessible to the immune system than protozoans, most infected individuals carry few of these parasites. For this reason, the level of immunity generated to helminths is often very poor. Killing of helminths by eosinophils via antibody-dependent cellular cytotoxicity (ADCC) has also been postulated [51] .
Fc receptors present on surface of eosinophils bind to IgE and IgG antibody-coated parasite. Once bound to the parasite, the eosinophil releases inflammatory mediators from their eosinophilic granules which further participates in antibody dependent cell-mediated cytotoxicity (ADCC), thereby damaging the parasite [49] .
IV. Clinical features and role of imaging in pleuropulmonary parasitic infections
The clinical features produced by parasites infecting the lungs and pleura can be classified as follows [2] : [101] . Therefore presence of these parasitic infections in an AIDS patient signifies the associated severity of HIV. The reason for this is that patients with clinical stage 4 HIV infection are recalcitrant to antiretroviral therapy.
Pulmonary manifestations of all the above mentioned parasites are more invasive and full blown due to progressive lack of cell mediated immunity [102] . Clinical features and radiological findings as similar as discussed above by take a turbulent course and much severe form.
VI. Laboratory diagnosis of pleuropulmonary parasitic infections [5,105,106]
Sample collection: Usual respiratory samples collected for testing parasites are sputum, tracheal aspirates, bronchoalveolar lavage, pleural fluid, lung tissue biopsy etc. Blood samples are used to examine parasites during primary parasitemia and disseminated infection. Eosinophilia is a common finding in all parasitic lung infections. In case of helminthic infestation, eosinophilia coincides with the larval migration.
Microscopy:
Serological diagnosis plays a very minor role in diagnosis since it has less specificity and false positive results are not uncommon especially in high endemic areas. Microscopy and culture play a pivotal role and still remains the gold standard in many conditions. Molecular methods have a very high specificity, decreased turnaround time and have replaced conventional methods in many laboratories. Identification of these infections is one major global level initiative as part of "Millenium development goals". National programs in India are also noteworthy in containing parasitic infections, few of them being National malaria control program, National malaria eradication program, Roll back malaria, National vector borne disease control program etc. The most recent initiative taken by the Indian government in 2015 was "National Deworming Day" for soil transmitted helminths which is being observed every year ever since on February 10 th [108] .
VII
Due to all these initiatives, it is possible to contain preventable parasitic infections to a certain level.
Preventive chemotherapy in terms of mass drug administration has also been practiced in the world.
Examples The above mentioned initiatives are supported by WHO in collaboration with pharmaceutical agencies who contribute to administration of drugs [107] .
Targeted antiparasitic chemotherapeutic drugs with their mechanism of actions are detailed below in tables 11 and 12. Fever, diffuse-bilateral-interstitial pulmonary edema and respiratory distress syndrome
Noncardiogenic diffuse-bilateral-interstitial pulmonary edema and adult respiratory distress syndrome Pulmonary toxoplasmosis [60] Influenza like illness, fever, pneumonia Interstitial pneumonia, diffuse alveolar damage, necrotizing pneumonia, obstructive or lobar pneumonia Pulmonary cryptosporidiosis [61] [62] [63] Chronic cough, fever, dyspnea, parasitic sinusitis Lower zone consolidation, opacities Balantidiosis [64, 65] Cough with expectoration, fever, hemoptysis, chest pain, respiratory failure
Upper lobe cavitary lesion, necrotizing lesion Table 7 . Clinical and radiological features of pleuropulmonary helminthic infections.
Parasites
Clinical features Radiological findings Echinococcus granulosusCystic Echinococcosis
Chest pain, cough, haemoptysis or pneumothorax, fever, wheeze, urticaria, anaphylaxis, empyema [66, 67] X ray and CT: Solitary or multiple round opacification mimicking lung tumors. Air-fluid level, water-lily sign, Cumbo's sign (onion peel sign), and crescent sign CT scan: Signet-ring sign, serpent sign, and 
Paragonimiasis
Pleuritic chest pain, haemoptysis, chronic cough and fever. If pulmonary cysts erode into adjacent bronchi, patients may suffer life-threatening haemoptysis [71] Patchy consolidation, pleural thickening, pleural effusion, nodular lesions, cystic lesions, cavities, ring shadows CT scan: Round low attenuation cystic lesions filled with fluid or gas may be seen within an area of consolidation [72, 73] Ancylostomiasis Larval migration causes Loeffler's syndrome including dry cough, wheeze, dyspnea and fever. Bronchitis and bronchopneumonia [74] Bronchitis, bronchopneumonia, transient pulmonary infiltrates, transient non-segmental areas of consolidation [75, 76] 
Strongyloides stercoralis
Cough, hemoptysis in hyperinfection syndrome: asthma, ARDS, intraalveolar haemorrhage [77] In hyperinfection syndrome: pulmonary infiltrates, military nodules, airspace opacities ARDS in severe disease, rarely granulomatous changes [78, 79] 
Strongyloides fuelleborni
Respiratory distress [80] Ascaris lumbricoides
Cough, wheeze, dyspnoea, chest pain, fever and haemoptysis, Loeffler`s syndrome, chronic eosinophilic pneumonia [81] [82] [83] [84] Transient nodular or diffuse pulmonary infiltrates, basal opacities, spontaneous pneumothorax [84,85]
Filariasis-Wuchereria bancrofti
Cough, dyspnoea, wheeze Fever, malaise, weight loss [86] Bilateral reticulonodular shadowing, mediastinal lymphadenopathy [86] Mansonella ozzardi [87] Cough, pneumonia and plural effusion Base reticular opacity Dirofilaria immitis [75, 88] Chest pain, cough, haemoptysis, wheezing, fever, chills and malaise
Coin lesion -established lesions a central necrotic area is surrounded by a granulomatous reaction and fibrous wall. Dead worms may calcify.
Trichinella spiralis
Dyspnoea, cough and pulmonary Infiltrates [89] Patchy infiltrates, exaggerated and fuzzy lung markings, hilar enlargement [90] [91] Toxocara species [75] Cough, dyspnea, wheeze, asthma or bronchitis Hepatomegaly, splenomegaly, ocular lesions Pulmonary infiltrates secondary bacterial pneumonia CT scan -Migratory nodular shadows with halos [ 
92] Larva migrans: -Capillaria aerophila -Ascaris suum -Mammomonogamus laryngeus -Gnathostoma spinigerum
Fever, cough, wheezing, respiratory distress, rhonchi [93] [94] [95] Miliary infiltrates, atelectasis or areas of consolidation, granuloma, fibrosis, calcification [96] 
